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ABSTRACT 
Clyde-Brockway, Chelsea E. M.S., Purdue University, December 2014. Inter-Nesting and 
Post-Nesting Movements and Behavior of East Pacific Green Turtles (Chelonia mydas 
agassizii) from Playa Cabuyal, Guanacaste, Costa Rica. Major Professor: Frank V. 
Paladino. 
 The East Pacific green turtle (Chelonia mydas agasizzi) is a sub-population of 
the widely distributed green turtle (Chelonia mydas).  Like all sea turtles, East Pacific 
green turtles have a type III survivorship curve, which is characterized by long-lived 
adults that have a low mortality rate and high reproductive output with a low hatchling 
survival rate. For this to be successful, the adults must live through multiple reproductive 
seasons, and in the Eastern Pacific, there is high mortality on adult East Pacific green sea 
turtles.  The continued success of this distinct population relies on protection during key 
in water movements: the nesting season and migrations from foraging grounds to nesting 
beaches and back.  Management techniques need to be developed on a site-specific basis 
so it is crucial to understand the specific habitat needs for each nesting population as 
defined by the local oceanography.  I used satellite telemetry to map movements of 
Pacific green turtles nesting on Playa Cabuyal, Costa Rica to understand the temporal and 
physical distribution of turtles both two and three dimensionally during the inter-nesting 
period and post-nesting migrations to foraging grounds.
xi 
I deployed ten satellite transmitters across two nesting seasons, 2012-2014, six 
SPOT5 transmitters and four MK10 transmitters.  The sample size for this study included 
11 inter-nesting turtles and four post-nesting migrations (two post-nesting turtles were 
also tracked during their nesting season), curved carapace length ranged from 82.2 to 
91.6 cm (mean ± SD = 85±2.84 cm) while curved carapace width ranged from 76 to 90 
cm (mean ± SD = 79.5±3.80 cm).  The observed inter-nesting period was between 7 and 
17 days (mean ± SD, 13.1±2.5 days), which is comparable to the mean of 15.4 days 
observed as an average inter-nesting interval for turtles nesting on this beach.  Post-
nesting turtles moved over a period of 19 to 189 days (107.25±90.77 days) with one 
resident of the Gulf of Papagayo and three that migrated an average of 500 km away from 
the nesting beach. 
During the inter-nesting period turtles spread out across the Gulf of Papagayo 
and, in some cases, migrated out of the gulf and along the coast before returning to nest.  
The minimum convex polygon (MCP) with percent area use contours indicates that the 
highest use areas were close to the beach (within 10 km) and a couple isolated areas off 
the coast in the southern part of the gulf. Overall, this high use inter-nesting area totals 27 
km2 and represents the high density twenty-five percent (75% of all positions received) of 
recorded location data during their movements between nests. Inter-nesting dive behavior 
indicated that, on average, fifty-five percent of the dives recorded were in the top 15 m of 
the water column, and sixty-six percent of inter-nesting dives lasted 30 minutes or less.  
Overall, ninety percent of the time inter-nesting turtles were within 15 m of the surface 
even though the ocean floor is generally 25 m or deeper throughout the Gulf of Papagayo. 
The oceanographic characteristic that limited turtles’ dive behavior was the water 
 
 
xii 
temperature.  The temperatures experienced at varying depths changed as the nesting 
season progressed showing a significantly shallower thermocline in the spring months 
when compared to the winter months of this study.  In December and January the 
temperature at the surface temperature was 28 °C and stayed above 25 °C to depths of 25 
m.  In February and March the surface temperature was 25 °C and at 25 m the 
temperature had already dropped below 20 °C.  Turtle behavior changed to reflect this 
shift in the water temperature with more time spent in the Surface - 5 m depth bin during 
February – March as compared to December when the waters at depth were warmer.  
Post-nesting turtles took up residence in locations along the Costa Rica, 
Nicaragua, El Salvadoria and Guatemala coasts; a pattern similar to other Pacific green 
turtles nesting more to the South along the Pacific coast of Costa Rica.  During migration, 
the turtles remained within 50 km of the coastline, which allowed them to stay in shallow 
warmer coastal waters.  Dive behavior of these post-nesting turtles shows a bimodal 
distribution in depth use not previously described for this sub-population, with peak dive 
depths of 11 to 15 m and 46 to 50 m.  This could be indicative of foraging while 
migrating.  Currents are one of the most important factors in migration routes because 
they determine hatchling dispersal and locations of primary productivity. Chlorophyll 
distribution was correlated to the post-nesting movements of one turtle.   
Conservation efforts should focus on regulating the fishing efforts in the area of 
inter-nesting habitats and migratory corridors because by-catch mortality pressure on 
adults is currently the biggest threat to the population.  By providing the local fisheries 
with depth integration levels and dates of passage, the set of nets and long lines could be 
below these normal behaviors and reduced during migration dates to reduce bycatch and 
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fisheries interactions.  Fishing regulations need to be enforced and regulated locally on 
site-by-site bases, eliciting the help of each country and community.  Future work with 
this inter-nesting and post-nesting data will be to analyze the turtle interaction points with 
local and international fisheries in hopes of generating a management strategy through 
cooperation along the Eastern Pacific
 
 
1 
 INTRODUCTION 
 
The green turtle (Chelonia mydas) is found circumglobally in tropical and sub-
tropical waters and is listed as endangered by IUCN red list (IUCN 2014).  In the Eastern 
Pacific, there is a sub-population of green turtle (Chelonia mydas agassizzi), also known 
as the black turtle, that is phenotypically distinct, although not genetically distinct, from 
the green turtles in the rest of the Pacific and Indian oceans.  The turtles in the Pacific and 
Indian oceans are a different matriarchy than the green turtles found in the Atlantic and 
Mediterranean oceans (Bowen et al. 1992).  Pacific green turtles are smaller and have 
darker pigmentation than the green turtle.  They also eat a diet that is more omnivorous 
than that recorded for other populations of green turtles.  Studies on Pacific green turtles 
along Baja California and San Diego confirmed this diet by attaching critter cameras to 
turtles (Seminoff et al. 2006), analyzing gut contents (Seminoff et al. 2002) and running 
stable isotope analysis (Lemons et al. 2011a), East Pacific green turtles eat a diet of red 
and green algae, sea grass and invertebrates.  Pacific green turtles range from the 
Southwest coast of the United States down to Chile and off shore to the Galapagos 
(Seminoff and Wallace 2012).  They have similar reproductive cycles to those of other 
populations of green turtles (Carr and Ogren 1960).  After hatching on the beach and 
spending an estimated 12-26 years in oceanic juvenile foraging grounds (Frazer and 
Ladner 1986), sub-adults recruit to adult foraging grounds.  Once sexually mature, the 
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female turtles return to their natal beaches to nest (Meylan et al. 1990).  During a nesting 
season, Pacific green turtles in Costa Rica lay an average of 4 clutches of (average 77 
eggs per clutch) eggs at approximately 15 day intervals (Santidrián Tomillo et al. 2014). 
The two weeks between nesting events is called the inter-nesting period (IP).  Once the 
nesting season is over, the female turtles leave the nesting beach and migrate to foraging 
grounds to feed for 2-4 years until she is ready to nest again, although this may be longer 
in the Eastern Pacific.  This study focused on the inter-nesting period and post-nesting 
migration sections of the life cycle.  During the inter-nesting period, female turtles often 
rest to save energy while they are producing another clutch of eggs.  Most green turtles 
have been found to fast during the inter-nesting period (Carr et al. 1974) due to 
insufficient resources locally off the nesting area.  East Pacific green turtles nesting in 
Costa Rica followed this trend and have been shown to remain close to the beach 
maintaining low activity levels (Blanco et al. 2012b).  However, the local oceanography 
determines the behaviors of turtles, and populations must be considered on a site-by-site 
basis.  
The evolutionary selection towards migration is very common and found in all 
genres of animals from species of insects, birds, mammals and sea turtles (Schueller and 
Schueller 2009).  Migration is energetically expensive (Calder 1996) and developing a 
lifestyle that includes this behavior may suggest an environment lacking in resources 
needed for every life stage of the animals life history.  For example, the environment that 
is suitable for egg development is not always the same environment that is suitable for 
adult nutrient acquisition or development of juveniles.  External tagging and recapture 
methods of sea turtles initially showed the extent to which some turtles migrate, but gave 
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no information about the routes taken or diving behavior (Carr 1975).  The migration that 
proceeds from foraging grounds to nesting beaches can range from short distance 
movements in the local foraging vicinity as in Nombré de Jesús, Costa Rica to the Gulf of 
Papagayo (Blanco et al. 2012a); to long distance migrations which can exceed 100s or 
1000s of km from foraging areas off the coast of Brazil to Ascension Island (Luschi et al. 
1998).  East Pacific green turtles that nest in the Galapagos were observed in Costa Rica, 
Panama, Columbia, mainland Ecuador and Peru showing that these turtles migrate 
between 1233 and 2143km to foraging sites (Green 1984).  Satellite telemetry data from 
the Galapagos expanded on this to show that some nesting turtles stay in the Galapagos 
while others travel out into the open ocean as well (Seminoff et al. 2008).  Telemetry 
studies in Pacific Costa Rica showed a similar diversity of migratory strategy with turtles 
remaining in Costa Rican waters, migrations north to Nicaragua or Mexico, and 
migrations south to Panama (Blanco et al. 2012a).  Flexibility in migratory strategy and 
use of multiple distinct foraging grounds could help buffer the population against 
catastrophic oceanic events (Seminoff et al. 2008) although it does create unique 
conservation needs.  It has been proposed that the prevailing currents and oceanic 
features present when the hatchlings emerge from the nest and enter the ocean may be the 
driving force in the eventual distribution of foraging areas and their distance from the 
natal beach.  This has been modeled for leatherback hatchlings (Shillinger et al. 2012) 
and Eastern Pacific green turtle hatchlings (Blanco 2010) from Pacific Costa Rica.  
Migratory behaviors are categorized to make them easier to talk about, they are labeled 
A1, A2, A3 and B (Godley et al. 2008).  Type A1 is characterized by oceanic and or 
coastal movements to costal foraging grounds, A2 involves alternating between wintering 
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sites and summer foraging grounds, A3 involves staying close to the nesting beach and 
avoiding any substantial migratory movements and type B is characterized by open ocean 
movement (Godley et al. 2008).  Type A1 is generally what is seen in green turtles (Hays 
et al. 2002a, Seminoff et al. 2008, Blanco et al. 2012a).  However the Eastern Pacific is 
unique in that it can support Type B movements as well (Seminoff et al. 2008, Blanco et 
al. 2012a), making it an important area for conservation. 
In the last several hundred years, most of the decline in of sea turtle populations 
has been caused by humans (Heithaus 2013).  Anthropogenic pressures have been 
decreased as awareness of the needs of wildlife become more widely known but, 
unfortunately for sea turtles, this generally applies to the parts of the life cycle we see, 
namely nesting and hatching on the beach.  Conservation efforts have been successful in 
countering the effects of egg poaching in places like Parque Nacional Marino Las Baulas, 
Costa Rica (Santidrián Tomillo et al. 2007).  But the ocean environment is far less 
predictable and with turtles moving between different geopolitical boundaries as well as 
ocean basins and conservation areas, protection is more difficult to enforce.  Sea turtles 
have a type III survivorship curve, characterized by high offspring production and high 
juvenile mortality rates but coupled with longevity.  As the hatchling grows through age 
classes (juvenile, sub-adult and adult), their mean annual survival rate increases (Heppell 
1998), with very few natural predators once they reach sexual maturity.  In the last 25 
years, artisanal and industrial long line fishing and the industrial harvest of adults as meat 
and as a by catch caused dramatic declines in nesting populations (Seminoff and Wallace 
2012).  This is thought to be one reason why Pacific green turtles are smaller than the 
green turtles in the Caribbean, although strips of the Eastern Pacific Ocean are among the 
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most biologically productive waters, it has a higher incidence of adult mortality (Fiedler 
et al. 1991, Heithaus 2013).  
The three-dimensional habitat where the turtles live in the water column defines 
their behavior.  This includes the depth of the ocean, the presence of currents, and the 
water temperature.  Archie Carr said that “there would be no turtles as we know them 
without the ocean currents and fronts present in the ocean” (Carr 1967).  Based on these 
characteristics, turtles will utilize their habitat to maximally conserve energy during their 
inter-nesting period.  Turtle dives have historically been categorized by the shape, (U, V 
etc.) generated on a time depth recorder, but deploying video cameras on turtles has 
demonstrated that the recorded shape of the dive is not indicative of the actual behavior 
the turtle is exhibiting (Seminoff et al. 2006).  The Eastern Pacific coastline is unique and 
sections of it are home to some of the most biologically waters in the world (Fiedler et al. 
1991). This is due to the offshore winds that cause upwelling of nutrient filled cold water 
(Fiedler et al. 1991).  The currents along North America flow south to the equator while 
the currents along South America flow north to the equator.  Where these currents meet 
they flow westward along the equator, known as the North Equatorial Current (NEC) and 
South Equatorial Current (SEC), and the North Equatorial Counter Current (NECC) 
(Figure 1). All of these currents converge along the coast of Central America generating a 
cyclonic movement known as the Costa Rica Dome.  This, along with upwelling, leads to 
the highly productive waters of the Eastern Pacific. 
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Figure 1: A schematic diagram of eastern tropical Pacific water masses and surface 
currents (Fiedler et al. 1991). 
 
 
Since the 1980’s, there has been an increase in the technology used to study the 
ecology and physiology of sea turtles (Godley et al. 2008).  Satellite telemetry can be 
used to remotely monitor the movements and behavior of aquatic animals while in the 
water column and out at sea.  Data loggers can also be used to record diving and 
movement behavior in the field but these devices must be recovered in order to retrieve 
the archived data.  Satellite telemetry has expanded our ability to monitor natural 
uninterrupted animal behavior in real time for extended periods (Cooke et al. 2004, 
Godley et al. 2008). Satellite telemetry can provide data on what habitats are important to 
a population at different phases of their life history and will also provide behavioral 
information on how they use that habitat.  In the case of sea turtles, this data allows us to 
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make predictions about dive behavior, physiology and energetics, as well as what 
management efforts would be most effective (Godley et al. 2008).   
In this study, I used satellite telemetry to investigate the in water habitat use of 
East Pacific green turtles nesting on Playa Cabuyal, Costa Rica to determine the local 
habitat use and determine if there are any habitat restrictions that they might encounter.  I 
identify local dispersal patterns and dive behavior of turtles nesting on Playa Cabuyal 
during their inter-nesting interval.  This research expands on studies conducted on Pacific 
green turtles in Costa Rica by Dr. Blanco and others (Blanco et al. 2012b, Santidrián 
Tomillo et al. 2014).  Playa Cabuyal is located north of the previously mentioned study 
sites and is adjacent to the Gulf of Papagayo.  This investigation increases knowledge of 
nesting ecology, habitat, movement behavior and population demographics for this 
species at Playa Cabuyal, Costa Rica (Santidrián Tomillo et al. 2014). 
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METHODS 
 
Study Site 
This study was conducted at Playa Cabuyal (10°40’N, 85°40’W), an East Pacific 
green turtle nesting beach on the Pacific coast of Costa Rica.  Cabuyal is approximately 
1.4 km long and adjacent to the Gulf of Papagayo.  Scientific presence on Cabuyal is 
fairly recent with the Leatherback Trust has been monitoring the beach for three seasons, 
beginning in the 2011/2012 seasons.  The nesting season begins in August and extends 
through April, there may be scattered turtles nesting year round but peak nesting is in 
December.  On average about 70-80 East Pacific green turtles nest on Playa Cabuyal each 
season, collectively laying approximately 150 nests (Santidrián Tomillo et al. 2014).   
 
 
 
 
 
 
 
9 
 
Figure 2: Map of the Gulf of Papagayo and the location of Playa Cabuyal.  The inset 
shows the location of the gulf within the country of Costa Rica. 
 
 
Study Turtle Selection 
During the nesting season a team of scientists and volunteers that live nearby 
patrol the beach nightly from 20:00-04:00 in order to observe and record all female 
turtles that emerged from the water to nest.  Each turtle was identified by a unique PIT 
(Passive Integrated Transponder) tag and metal flipper tag.  The team recorded the 
location of the nest, the number of eggs laid and the curved carapace length and width 
(Figure 3) of the turtle. The turtles for this study were selected randomly from this 
population. I used a real time portable ultrasound (Aloka SSD-500) to determine the 
reproductive status of the turtle (Figure 4) (Blanco et al. 2012c).  If the turtle still had 
developing follicles after laying a clutch of eggs, which in the future would become 
another clutch of eggs, then I was confident that they would be returning to the beach and 
0 180 36090 Kilometers
86°0'0"W
86°0'0"W
11°0'0"N 11°0'0"N
0 10 205 Kilometers
Costa Rica
Playa Cabuyal
´
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thus would be suitable for monitoring inter-nesting behavior and movements (Figure 5A).  
If no more developing follicles were present, then the turtle would not be expected to 
return to the beach, and so would be suitable for post-nesting study (Figure 5B).   
 
 
(A)         (B) 
Figure 3: Biometric measurements. (A) Measurement of curved carapace length, and  (B) 
Measurement of curved carapace width. 
 
 
 
Figure 4: Scanning an East Pacific green turtle for developing follicles. Photo by Dr. 
Steve Morreale. 
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Figure 5: (A) An ovary with more developing follicles. (B) A depleted ovary with no 
more developing follicles.  Photo by Jacob Hill. 
 
 
Satellite Telemetry 
Satellite transmitters are used to remotely monitor sea turtle movements and 
behavior while they are at sea. Satellite transmitters carry a chip that generates a mhz 
signal that allow it to communicate with orbiting Argos Satellites.  The transmitters were 
equipped with a wet/dry sensor that registers whenever the turtle has come to the surface 
and the transmitter itself is now exposed to air instead of water.  When the transmitter is 
exposed to air, it turns on and sends a data message to passing satellites.  Each message 
carries the transmitter’s unique platform number and takes less than one second to 
transmit.  The frequency used by most scientific transmitters is around 401.65 MHz ± 30 
kHz, this unique frequency information allows the satellite to identify individual unique 
transmitter frequencies and then calculate the location of the transmitter using the 
Doppler shift (Argos America 2008).  Each of these transmissions is called a message 
and the satellite needs at least four messages from a transmitter to calculate a usable 
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location.  Data downloaded from Argos Satellite Systems is in a latitude and longitude 
coordinate system, using a World Geodetic System (WGS 84) (Argos America 2008).   
I used two types of transmitters for this study, the SPOT5 and MK10 both made 
by Wildlife Computers INC. (Figure 6).  The MK10 transmitters are more expensive but 
had the ability to record data about dive behavior alongside location data.  The SPOT5 
transmitters only record the location of the turtle.  I used a combination of both types of 
transmitters to get a more complete data set while still staying within my budget. 
 
 
Figure 6: Wildlife computers satellite transmitters; (A) SPOT5 transmitter and (B) MK10 
transmitter.  Both photos were taken from wildlifecomputers.com. 
 
 
SPOT5 Satellite Transmitter 
The SPOT5 transmitters are rectangular, carapace-mounted transmitters that 
weigh approximately 110 g in the air (Figure 6A and 7).  They are built with both wet/dry 
sensors in addition to the location data acquired by communication with satellites. I 
programmed them to send signals every time the transmitter was out of the water, but to 
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go into standby mode if the transmitter remained out of the water for an hour.  The 
transmitter was set to turn back on to active on/off mode when it registered that it was 
underwater. These SPOT5’s were mounted on the second central scute because this was 
the highest point on the turtle when surfacing to breathe and would ensure maximum air 
exposure when the turtle surfaced (Figure 7).  We only attached Spot5 transmitters to a 
turtle if they had a sufficiently hard and clean carapace. A hard carapace was defined as 
one that did not retain a fingernail imprint when tested and a clean carapace was defined 
as being free of scars and barnacles.  Powers T308+ epoxy was applied to the shell to 
attach the transmitters to the carapace (Powers Fastening Innovations). First the second 
central scute was dried using ethanol and then cleaned using sand paper.  Once the area 
was cleaned and dried an initial layer of epoxy was applied and the Spot5 transmitter was 
placed in the center, with antennae facing towards the animal’s tail.  More epoxy was 
then added and shaped in an attempt to minimize drag.  Once the epoxy had set (30-45 
minutes) and it was no longer pliable, the transmitter was coated in an anti-fouling paint 
to prevent organisms from attaching to, and possibly interfering with, the transmitter 
(blue paint in Figure 7).  Once the paint had dried (15 minutes) the turtle was allowed to 
return to the ocean.  The complete attachment process took approximately an hour, and 
for that time the turtle was restrained from throwing sand and major movement.   
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Figure 7: The placement of the SPOT5 transmitter on a turtle. (A) Close up on the 
SPOT5.  (B) A turtle carrying a SPOT5 on return to the ocean.  
 
 
MK10 Satellite Transmitter 
 The Mk10 satellite transmitters are torpedo shaped and are not glued to the 
carapace but attached by a tether so they trail behind the turtle (Figure 6B and 9).  This 
attachment style almost completely eliminated the high drag coefficient caused by the 
SPOT5 transmitter attachment directly to the shell, and therefore should have a lesser 
effect on the behavior of the turtle (Jones et al. 2011). Tether deployments typically do 
not have as many transmissions per day since the transmitter does not always break the 
surface and communicate effectively with the satellite.  Similar to the SPOT 5 
transmitters the Mk10 records location data; however the MK10 also has sensors that 
allow the transmitter to record dive data and ambient water temperature information. 
The Mk10 transmitters were attached with a lanyard to a marginal scute at the 
posterior end of the carapace (Figure 8).  A 5 mm hole was drilled in the marginal scute 
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approximately 3 to 4 cm from the outer boarder of the carapace.  Then a piece of surgical 
tubing was threaded through to protect the carapace from the lanyard made of 
microfilament line.  I threaded the 90 kg (200 lb) test microfilament line through the 
surgical tubing, through a dorsal side Delrin button placed on the underside of the 
carapace and then back up through the tubing (Figure 8). A second button was placed to 
the top of the carapace before it was secured with a crimp.  The buttons helped distribute 
the pull of the transmitter across the carapace more evenly, and reduced wear on the scute 
and line.  The line was threaded through swivels and crimps to attach it to the transmitter 
(Figure 9).  The entire tether was designed to release if more than 34 to 45 kgs (75 to 100 
lbs) of pressure was placed on it, to avoid entangling the animal should the lanyard 
become ensnared on an object.  The transmitter must be on a short enough line that the 
pectoral flippers of the animal would not reach it, but long enough that when the turtle 
surfaces the antenna and wet/dry sensors will be at the surface (approximately half a 
meter).  This style of attachment was completed in less than 20 minutes and then after the 
turtle was permitted to return to the ocean.  
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Figure 8: A schematic drawing of the MK10 satellite transmitter attachment.  Diagram by 
Dr. Steve Morreale.  
 
 
 
 
 
Figure 9:  A turtle carrying a MK10 transmitter back to the water. 
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Analysis of Movement Data 
Satellite transmitters communicate with orbiting satellites every time the turtle 
surfaces.  The satellite receives information about the location of the transmitter and any 
dive data that has been recorded and stored. When I downloaded the data from the 
processing center the location was in latitude/longitude format and the temperature data 
and dive data were in histograms (see below).  Argos satellite system categorizes the 
quality of the location points, for this study I only used location quality 0-3 because these 
points were calculated using 4 or more messages, 4 being the minimum number of 
messages required to use the Doppler curve; any obvious erroneous location points were 
manually removed. 
I used geographic information systems (GIS) version 10.1 to map the location 
data.  This allowed me to visualize all the turtle locations on a background of the 
coastlines (downloaded from NOAA). To understand the overall inter-nesting area use I 
used the minimum convex polygon range tool (MCP) in Geospatial modeling 
environment (GME) version 0.7.2.1 (GUI) for ArcGIS 10.1 (Hawths tools at 
spatialecology.com).  I made a single data file of all usable location points for all inter-
nesting turtles and input this data file into the MCP tool.  Within the MCP there is an 
option to draw utilization distribution contours, I chose 95, 75, 50 and 25% for 
calculating the density of points, use with 25% being the highest 25% density of points 
and uses the coastline as an exclusion factor. For post-nesting turtles I mapped turtle 
movement against a coastline. GIS has a tracking analyst tool that I used to connect the 
location points based on time.  
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I used the Maptools program at seaturtle.org to gather satellite data and combine it 
with post-nesting tracks.  I used satellite imagery of sea surface temperature and 
chlorophyll concentration downloaded through the maptools program 
(www.seaturtle.org).  
 
Diving Behavior 
I programed the MK10 transmitters to define a dive as any movement deeper than 
2 m.  The data included number of dives at each binned depth; amount of time spent at 
each binned depth and length of dives averaged over six hours.  The binned depths were: 
5, 10, 15, 20, 25, 30, 35, 40, 45, 50, and 70 meters.  The binned times were: 2, 5, 10, 15, 
20, 30, 40, 45, 50, 60, 75, 90, and 120 minutes.  The transmitter also recorded the 
temperature at set depths: 0, 8, 16, 24, 32, 40, 48, and 56 meters.  All the data was 
downloaded from the Argos satellite systems website. 
 
Analysis of Dive Data 
I separated the dive data by turtle, took the average and turned it into a frequency 
percentage.  Graphs were made in Excel.  For inter-nesting turtles all the data was 
combined to make average water column use graphs.  For the post-nesting turtles I only 
had two MK10 transmitters so each bar on the graphs represents a single turtle, not 
averages of multiple turtles.  
The inter-nesting temperature data was divided into two categories, one category 
was winter turtles that nested between December and January (n=3) and the other 
category was a turtle that nested in the spring (February through March) (n=1).  I used 
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IBM SPSS 22 to run a paired t- test to determine if the temperature at each depth changed 
from December to March. 
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RESULTS 
 
 I deployed transmitters on 11 inter-nesting turtles and four post-nesting turtles 
(Table 1).  Biometric measurements were taken from all turtles; the curved carapace 
length (CCL) ranged from 82.2-91.6 cm (mean±SD = 85±2.84 cm) and the curved 
carapace width (CCW) ranged from 76-90 cm (mean±SD = 79.5±3.80 cm).  The size of 
these turtles, measured by CCL and CCW, compared to the beach averages (Santidrián 
Tomillo et al. 2014) so the turtles are representative sizes of turtles found nesting on the 
beach.     
Transmitters were deployed across two nesting seasons (Table 1).  The length of 
each inter-nesting event lasted between 7 and 17 days (mean±SD, 13.1±2.5 days), which 
is comparable to the 15.4 day observed average inter-nesting interval for the beach 
(Santidrián Tomillo et al. 2014).  Post-nesting turtles were tracked between 19 and 183 
days (107.25±90.77); the MK10 transmitters gave us longer transmission time (Table 1), 
the SPOT5 transmitters lasted 19 and 39 days while the MK10 transmitters lasted 182 
and 189 days. 
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Table 1: Turtle number, transmitter deployment date and biometric measurements.  (IN = 
inter-nesting turtle and PN = post nesting turtle). 
 
Turtle # Deploy Date 
(mm/dd/yy) 
CCL (cm) CCW 
(cm) 
Transmitte
r 
IN / PN 
Turtle 1 12/10/12 84.3 76 SPOT5 IN 
Turtle 2 1/11/13 82.7 77.2 SPOT5 IN 
Turtle 3 8/11/13 84.9 78.1 SPOT5 IN 
Turtle 4 8/14/13 82.2 79.2 SPOT5 IN 
Turtle 5 12/10/13 83.4 76.9 MK10 IN 
Turtle 6 12/14/13 84.5 78.2 MK10 IN and PN 
Turtle 7 12/14/13 89.4 80.8 MK10 IN 
Turtle 8 12/14/13 82.2 76.7 SPOT5 IN 
Turtle 9 1/23/14 82.5 76.2 SPOT5 IN and PN 
Turtle 10 1/23/14 86.4 81.6 SPOT5 IN 
Turtle 11 2/2/14 85.1 82.3 MK10 IN 
Turtle 12 12/8/12 91.6 90 SPOT5 PN 
Turtle 13 12/15/13 86.1 79.8 MK10 PN 
 
 
Inter-Nesting Movement 
 The average observed inter-nesting interval was 13 days (n=11 turtles 26 inter-
nesting events), which is similar to the 15 day interval recorded for this beach as a whole 
(Santidrián Tomillo et al. 2014).  During inter-nesting the turtles spread out across the 
entire Gulf of Papagayo, and in some cases even traveled outside the Gulf (Figure 11).  
The MCP analysis with percent area use polygons show that the highest use area is close 
(within 10km) to the beach with an additional couple of isolated locations off the Pacific 
coast in the southern part of the gulf, overall this larger defined inter-nesting area makes 
up 27km2 (Figure 10) and represents 25% of recorded location data.  Exceptions to these 
location preferences close to the nesting beach were observed for five turtles (Figure 11).  
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Turtle 6, 10 and 11 all traveled north either along the boarder or up into southern 
Nicaragua before returning to nest (Figure 11). Turtle 1 traveled south almost to Parque 
Nacional Marino Las Baulas (Figure 11) and turtle 3, nesting in August, traveled 
approximately 70km offshore into the open ocean where the ocean is up to 1000m deep.  
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Figure 10: Minimum convex polygon analysis with utilization distribution for 25, 50, 75 
and 95% area use. Density distribution was done using location class 0-3.  
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Figure 11: Examples of turtle dispersion during the inter-nesting period.  All of these 
turtles nested again on Cabuyal. Location points on land are either the turtles nesting on 
beaches other than Cabyal, or within the error radius of the calculation and the turtle was 
just very close to the shore. 
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Inter-Nesting Dive Behavior 
The summary data from four turtles carrying MK10 transmitters was divided into 
14 inter-nesting events (table 1). The summary dive data is in bin format in 5 meters 
increments up to 50m, all deeper depths were either categorized as 51 to 75 m or 76 to 
100 m.  Turtle 5 nested six times but the dive data stopped transmitting after 2 January 
2014, I was able to analyze only three inter-nesting events because of this recording error.  
This decreased the total number of inter-nesting events to 10, for time at depth and dive 
duration there were smaller numbers of inter-nesting events (8 and 9 respectively) due to 
the transmitter not recording complete data sets.  On average, 55% of dives took place in 
the top 15 m of the water column, and 66% of dives lasted 30 min or less (Figure 12 A, 
C).  Overall, 90% of the time turtles are within 15 m of the surface (Figure 12 B) even 
though the ocean floor is generally 25 m or deeper in the gulf.  Figure 12 graph B 
confirms that although only 55% of dives were in shallow water that is the most 
important area to the turtles as they spent 90% of their time in that water. 
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Figure 12: Inter-nesting dive behavior. (A) Average depth of dives (4 turtles, 10 inter-
nesting events). (B) Percent of time spent in each depth bin (4 turtles, 8 inter-nesting 
events).  (C) Duration of dives (four turtles 9 inter-nesting events). 
 
 
 
The temperatures at depth were effected by date of transmitter deployment, as the 
season progressed the inter-nesting turtles encountered cooler waters at depth. In 
December and January the diving turtles experienced significantly warmer temperatures 
than the temperatures seen at comparable depths during February and March (Paired 
T.Test, t=-6.99 df=7 p<0.01) (Figure 13A).   The three turtles that were nesting during 
the warmer months spent 18% of their dives in the top 5 meters of the water column, 
compared to the turtle that nested in the cooler spring months (Feb-Mar) that spent a 
greater proportion (almost 50% more) of dives in the top 5 m (Figure 13B).  
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Figure 13: Observed temperature changes of the water column throughout the season. 
Turtles nesting in the winter (Dec-Jan) are in red while turtles nesting in the spring (Feb-
March) are in blue.  (A) Temperatures recorded by the transmitters, three turtles nested 
between December and January (red line) while only one turtle nesting from February to 
March (blue line). The temperatures experienced by the turtles are significantly different 
Paired T test (p=0.01). (B) Depth use difference between December - January turtles and 
February - March turtles. 
 
Post-Nesting Movement 
Migration movements were recorded for four turtles during two seasons either by 
placing transmitter specifically on turtles that showed developing follicles when 
examined with the ultrasound, or by turtles that continued to carry the transmitters after 
the nesting season.  Turtle 12 was tagged during the 2012-2013 season, while turtles 6, 9 
and 13 were tagged during the 2013-2014 season (Table 1).  Only two of the categorized 
types of movements were observed for these migrating green turtles and thus were used 
to describe migration patterns, type A1 and type A3.  Turtles 6, 12 and 13 displayed type 
A1 movement while turtle 9 displayed resident type A3 movement (Figure 14).  Figure 
14 shows the post-nesting of all four turtles projected on the coastline of Central America 
and Mexico.   
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Figure 14: Post-nesting migrations of turtles nesting on Cabuyal.  
 
 
 
Turtle 12 was the only post-nesting turtle from season 1.  The transmitter was 
deployed on December 18, 2012 and transmitted 19 days before it disappeared.  During 
this time the turtle traveled 345 km north to the Gulf of Fonseca.  On January 6, 2013 the 
transmitter disappeared before reappearing on January 13, 2013.  When the transmitter 
reappeared it stayed at the surface in the same area for two days before beginning to 
move out to sea.  On January 15, 2013 the transmitter stopped transmitting completely.  
This is characteristic of a turtle that has died and sunk to the bottom before bloating and 
returning to the surface, I concluded that this turtle died.  
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Turtle 13 nested five times during the season before I attached the transmitter, 
ultrasonography indicated that she was not going to return to nest again.  The transmitter 
went out on December 15, 2013 but did not start transmitting until December 21, 2014.  
The first recorded location point was approximately 72 km north of the nesting beach.  
For the first 4.5 months of locational data (138 days), turtle 13 moved up and down the 
coast of Nicaragua along a 128 km stretch of coastline, always remaining between 3.5 
and 35.5 km from the coast.  On May 3, 2014, the transmitter indicates that dive behavior 
stopped.  This result was interpreted to indicate that the transmitter likely became 
detached from the turtle.  After this point the transmitter apparently floated on the surface 
with no dive data recorded up the coast past the Gulf of Fonseca along the coast making 
loops within 45 km of the coastline, spending time at the surface where the ocean was 
between 100 to 2000 m deep.  This result was interpreted as a reflection of the local 
surface currents that move north and in a circular eddy at that time in this location. 
Turtle 6 nested three times before the transmitter was attached.  The turtle 
continued to nest three more times carrying the transmitter before leaving the nesting 
grounds and migrating north.  On January 16, 2014, turtle 6 began migrating north.  The 
first good location point was not received until January 29, 2014 and during this lost time 
the turtle traveled 272 km from the Gulf of Papagayo to northern Nicaragua just outside 
the Gulf of Fonseca.  From this point the turtle spent four months traveling 650 km north 
along Central America.  Off the coast of southern Mexico the turtle changed directions 
and spend two months traveling the 650 km back to the Gulf of Fonseca.  The dive 
behavior after July 3, 2014 indicates that the transmitter remained at the surface was 
interpreted to indicate the transmitter detached from the turtle or because the turtle died 
 
 
30 
and was floating at the surface.  After this point the transmitter floated off shore, this tells 
us that winds and currents along the coast move off shore. 
Turtle 9’s transmitter was attached on January 23, 2014.  The turtle went on to 
nest three times carrying the transmitter and then was seen false crawling on March 23, 
2014; this was the last recorded sighting on turtle 9.  Turtle 9 did not leave the Gulf of 
Papagayo after this final sighting.  The track shows movement back and forth across the 
gulf for 39 days before the transmitter stopped working; a total of 160 km was covered 
during this time.  It is unclear whether turtle 9 is resident to the gulf or continuing to nest 
on neighboring beaches. Figure 15 is a close up map of this movement around the gulf, 
the final point is on the north end of the gulf, which could indicate an intent to migrate 
north. 
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Figure 15: Movements of turtle 9.  It is unclear whether these are true post-nesting 
movements and the turtle is a resident of the gulf, or the turtle is continuing to nest and 
displayed post-nesting movements after the transmitter died.  
 
 
 
Post-Nesting Dive Behavior 
Of the four transmitters that recorded what was interpreted as post-nesting 
migrational movements after their last observed nest on playa Cabuyal, only two were 
MK10 satellite transmitters (Table 1) and capable of recording dive behavior. The 
activity data for each turtle is shown in the figures with Turtle 2 displayed in blue and 
Turtle 3 displayed in red.  During the time this dive behavior was recorded, turtle 13 was 
moving back and forth along the Nicaraguan coast, while turtle 6 was moving from 
Nicaragua up to southern Mexico and back.  Approximately 70% of the dives recorded 
for turtle 13 were less than 30 minutes and depth distribution was bimodal with peaks at 
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15 m and 75 m (Figure 16 C).  Turtle 6 spent 30% of the time in the top 5m of the water, 
compared to the 15% spent by turtle 13 (Figure 16).  The other trends were the same, 
showing that turtle 6 dove for less than 30 minutes over 70% of the time and depth 
distribution showed a bimodal histogram with peaks 5 to 10 m and 50 m (Figure 16 B).  
Turtle 13 had a maximum dive depth of 96 m but the average dive depth was 56 m.  
Turtle 6 had a maximum dive depth of 88 m, and an average dive depth of 64 m.  The 
bimodal distribution of dive depth means that an average is not very informative about 
the actual depth use.   
 
 
Figure 16: Migration dive data. Turtle 13 is shown in blue and turtle six is shown in red.  
(A) The time spent in each depth bin for the two turtles. (B) Both turtles show a bimodal 
distribution in depth use with peaks shallower than 15 m and 75 m. (C) The percentage of 
dives at each time length bin showing that 70% of the time recorded dives were 30 
minutes or less. 
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DISCUSSION 
 
 In the Eastern Pacific, temperature defines the depth of diving seen for inter-
nesting turtles; shoreline corridors, currents and chlorophyll distribution define the post-
nesting movements and locations of foraging grounds. The turtles in this study are a 
representative sample of the turtles nesting on Cabuyal in turtle size and observed inter-
nesting period length (Santidrián Tomillo et al. 2014).  The behavior of a population of 
nesting sea turtles is always in response to the specific oceanographic environment that 
they experience (Hays et al. 2002b).  The Eastern Pacific is interesting in its bathymetry, 
its current system and its biological productivity.  The continental shelf generates unique 
bathymetry because the Continental and Caribbean plates meet the Pacific plate and 
resulting in a rapid increase in depth with distance from the shore. Green turtles are costal 
species and will choose to remain along the coast where they are not exposed to a water 
column that is significantly deeper than their usable habitat.  The currents of the Eastern 
Pacific (Figure 1) meet in Central America at the East Pacific Rise.  The effect is a 
cyclonic movement of water off the Gulf of Papagayo and southward along the Costa 
Rica coast to Panama where there is also a deep bathymetric feature that includes an 
underwater mountain range and plateau called the Costa Rica Dome.  The Cocos Islands 
and Galapagos Islands are features that rise up out of the depths and are surface 
extensions of this geologic feature (Fiedler et al. 1991).  The Costa Rica Dome is a 
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distinct biological habitat where phytoplankton and zooplankton biomass are higher than 
in surrounding water, however, the thermocline in the area is shallower due to the 
upwelling of cold water (Fiedler 2002).  East Pacific green turtles nesting in Cabuyal are 
confronted with some protection from the Gulf of Papagayo but they have to deal with a 
rapid increase in depth and cold water.   
 
Inter-Nesting Movement 
 Satellite derived location data shows that turtles use the entire Gulf of Papagayo 
during their inter-nesting interval and, in some cases, even travel outside the Gulf.  This 
is a much wider distribution than has been recorded for green turtles in other locations in 
Costa Rica (Blanco et al. 2012b).  The likely reason for this is that the Gulf of Papagayo 
provides environmental protection from open ocean dynamics.  South of the Gulf of 
Papagayo, there is a colony of green turtles that nest on Zapotilla beach and Nombre de 
Jesus; these turtles stay much closer to the shore than the Cabuyal population in order to 
remain within the much smaller cove present at that site (Blanco et al. 2012b).  Since the 
Gulf is set back from the Costa Rican Dome and other oceanic currents, it is not 
energetically expensive to utilize this area as a resting zone; the gulf also collects a 
median level of primary productivity during the winter months and could provide the 
turtles with low levels of foraging resources (Figure 16).  Unique cases of inter-nesting 
movements were observed where turtles moved away from the nesting beach and out of 
the protection of the gulf.  During the winter months, there was chlorophyll present both 
in the Gulf of Papagayo and along the coast of Costa Rica (Figure 17B).  All but one 
turtle that displayed high dispersal nested during the winter (Figure 11).  If turtles nesting 
 
 
35 
in the Gulf of Papagayo are subsidizing their migration and nesting energetics with 
opportunistic foraging, this would explain why those turtles moved out of the Gulf in 
search of possible food resources. In addition, they were not confined by the temperature 
of the water like the Pacific green turtles nesting on Nombré de Jesús and Zapotillal 
beaches (Blanco et al. 2012b).  Turtle 3 ventured straight away from the nesting beach 
into deep water.  This turtle nested during August and the productivity during the summer 
is much lower along the coast but high out in the center of the Costa Rica Dome (Figure 
17A).  Turtle 3 did not swim far enough to interact with the Costa Rica Dome; a potential 
reason for this movement was to thermoregulate; potentially basking at the surface could 
result in drifting out to sea along with surface water movement (Spotila and Standora 
1985).  Overall, the local geography defines the spread of the turtles nesting on Cabuyal. 
 
 
 
Figure 17:  Chlorophyll distribution during the month of (A) August 2013 and (B) 
December 2013. Satellite data and map created using Maptools on seaturtle.org. 
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Inter-Nesting Dive Behavior 
 Summary bin data identifies that turtles nesting at Playa Cabuyal favor dives that 
last 30 min or less (66%) and 15 m or shallower (90%) (Figure 12 A, B and C).   This is 
consistent with data from green turtles on neighboring beaches, however, in those areas 
the ocean floor is about 10 m deep (Blanco et al. 2012b).  In the Gulf of Papagayo, the 
ocean floor slopes away very quickly; 2.5 km off the beach it is approximately 50m deep.  
The edge of the Gulf is approximately 30 km from the shore and 300 m deep.  Depth of 
the ocean is thought to be the determining factor of dive behavior for green turtles nesting 
on Nombré de Jesús and Zapotilla.  It is not likely the defining factor for the turtles in this 
study.  One of the effects of the Eastern Pacific upwelling is a surfacing of the 
thermocline.  Using data from the satellite transmitters, I was able to quantify the thermal 
environments experienced by the turtles.  Although sea surface temperature in the Gulf is 
relatively stable and rarely drops below 25 °C, the temperature of the water column 
decreases rapidly with depth and changes significantly throughout the nesting season.  
Sea turtles are generally ectothermic and their life cycle is tightly tied to temperature 
(Davenport 1997).  In the Pacific, the shallow thermocline determines the habitat use for 
inter-nesting green turtles.  In this study, turtles nesting in December and January 
experienced water warmer than 20 °C at 50 m deep; turtles nesting in February and 
March experienced water temperatures dropping below 20 °C at 20 m deep.  This change 
in the thermocline is reflected in dive depth:  turtles nesting in the winter months had 
18% of their dives at 5 m and 53% of the dives in the top 15 m, the turtles nesting at the 
end of the season had 28% of their dives at 5 m and 61% within 15 m depths.  This is just 
a preliminary finding as only one turtle from this study was recorded nested in February 
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and March.  Ideally future studies will investigate this habitat change further.  Water 
temperature may be the reason that there is an increase in inter-nesting interval as the 
season progresses at this location (Santidrián Tomillo et al. 2014).  The change in water 
temperature could also signal the end of the nesting season, altering some physiological 
process such as ovulating and shelling the eggs or making it too energetically expensive 
to nest.  
When green turtles have access to food during the inter-nesting interval they will 
forage.  East Pacific green turtles are omnivores (Bjorndal et al. 1997) so they may be 
able to find food in slightly deeper water with less access to sunlight.  There appears to be 
levels of productivity within the Gulf in the winter months (Figure 17B) in levels 
comparable to those seen in oceanic foraging areas for green turtles off the southern coast 
of the Galapagos (Seminoff et al. 2008).  In areas that lack resources, like Ascension 
Island in the Atlantic, inter-nesting turtles rest on or near the bottom using air in their 
lungs to make themselves neutrally buoyant (Hays et al. 2000).  They estimated that 
green turtles of average size are neutrally buoyant at a depth of 19 m (Hays et al. 2000).  
Since the turtles in this study spent most of their time within the top 15 m of the water 
column, it is possible that they are able to regulate their buoyancy using their lungs, and 
therefore conserving energy (because they are smaller than green turtles in the Atlantic 
their neutral buoyancy might be shallower).  Their preference for the mid-water column 
could put the turtles at an increased risk from predation and interaction with fisheries.  
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Post-Nesting Movement 
In this study, a post-nesting movement was defined as the movement of a turtle 
that lacked developing follicles in the ovaries when examined with an ultrasound.  Two 
of the four post-nesting turtles were tracked during previous inter-nesting intervals before 
their migrations began, the remaining two turtles transmitters attached on their final nest 
and they were only tracked during their migration.  Three of the four turtles displayed 
type A1 migratory behavior characteristic of green turtles (Godley et al. 2008, Seminoff 
et al. 2008, Blanco et al. 2012a) showing migration from the nesting beach along the 
coast to a costal foraging ground.  The fourth turtle took up residency locally within the 
Gulf of Papagayo throughout the life of the transmitter, either displaying type A3 post-
nesting behavior that is also typical of Pacific green turtles (Seminoff et al. 2008, Blanco 
et al. 2012a), or spending time in the gulf before migrating to distant foraging grounds.  
This behavior is not surprising because turtles from both neighboring Costa Rican 
beaches (Blanco et al. 2012a) and Galapagos beaches (Seminoff et al. 2008) have been 
shown to use Costa Rica, and more specifically the Gulf of Papagayo, as a foraging 
ground.  This is not surprising because previous studies from Costa Rica have identified 
the Gulf of Fonseca and the Gulf of Papagayo as possible foraging grounds for green 
turtles nesting in Costa Rica (Blanco et al. 2012a).  Although we tracked one turtle that 
seemed to move directly to the Gulf of Fonseca (turtle 12, Figure 14) and one turtle that 
remained in the Gulf of Papagayo (Turtle 9, Figure 14), the other two turtles did not 
display such direct movement.  Turtles 6 and 13 moved back and forth along the coast of 
Central America until the transmitters stopped transmitting (Figure 14).  This suggests 
movement that is not end point oriented, hinting at a flexibility of behavior.  Turtles do 
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not always take the shortest route from nesting grounds to target foraging grounds, they 
have been shown to take detours and change direction (Hays et al. 2002a).  Foraging may 
be possible all along the coast of Central America allowing turtles a plethora of suitable 
locations to spend their non-nesting seasons.  Green turtles in the Eastern Pacific have 
shown to have individual stable isotopic values leading to the conclusion that individual 
dietary specialization is seen in this species (Lemons et al. 2011b).  Overall, East Pacific 
green turtles show a flexible foraging strategy that spans two trophic levels. 
All of the post-nesting movements are along the coast or in the Gulf of Papagayo.  
None of the turtles displayed oceanic movements or traveled to coastal islands.  Coastal 
movement allows turtles to follow magnetic anomalies present where the Continental 
plate meets the Pacific plate (Pitman et al. 1968).  Similarly, Leatherback turtles leaving 
Pacific Costa Rica follow the Cocos underwater mountain range out into the open ocean, 
suggesting that following fault lines is a predictable compass for turtles (Shillinger et al. 
2008).  The depth of the ocean floor did not directly determine the movements of the 
turtles in this study because they do not use the whole water column due to the shallow 
thermocline caused by upwelling (Fiedler et al. 1991, Davenport 1997) but they were 
confined to the coast. 
 Currents might play a role in the migration patterns taken by East Pacific green 
turtles nesting in the Gulf of Papagayo.  The currents along Central America move north 
away from the equator (Figure 1) in the same direction the three turtles that displayed 
type A1 migratory movement traveled.  Shillinger et al (2012) modeled leatherback 
hatchling dispersal from Costa Rican beaches and found that hatchlings follow surface 
currents and eddies to carry them to nurseries that exist in convergent zones; currents 
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collect zooplankton and other food sources.  He found that currents play a central role in 
adult leatherback migration patterns (Shillinger et al. 2008).  Blanco (2010) modeled East 
Pacific green turtle hatchling dispersal from a neighboring beach to Cabuyal and found 
that hatchlings were carried to the coasts of Nicaragua, Costa Rica and down to Colombia 
and Ecuador.  However, a significantly higher than average congregation was found near 
the Gulf of Fonseca (Blanco 2010), exactly where turtle 12 from this study ended up, and 
where turtle 6 returned after swimming to southern Mexico.  It follows that the East 
Pacific green turtle hatchlings that do get carried out of the Gulf of Papagayo on surface 
currents would be carried north until eddies dump them in coastal pockets like the Gulf of 
Fonseca.   
 The currents change in strength throughout the year, the northward movement of 
water along the coast is consistent (Fiedler 2002), so the movement of turtle 13 and 6 
might not be completely explained by the current dispersal of hatchlings.  Sea surface 
temperature across the Eastern Pacific remains relatively constant throughout the year, 
ranging from 25 to 33° C, a range that is suitable for sea turtle activity (Figure 18) 
(Davenport 1997).  Chlorophyll concentration and distribution does change dramatically 
as the year progresses, due to the changing in current strength (Fiedler 2002).  Turtle 13’s 
movements follow the chlorophyll concentration through the duration of transmission 
(Figure 19, Turtle 13 is in blue).  Turtle 6 may have followed the movement of 
chlorophyll up the coast to Mexico before returning to the more predictable conditions in 
the area of the Gulf of Fonseca (Figure 19).  Although turtles do seem to show some 
flexibility in migration patterns allowing them to follow chlorophyll concentrations, they 
cannot rely on unpredictable patterns and are tied to previously described foraging 
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grounds in the Gulf of Papagayo and the Gulf of Fonseca (Green 1984, Seminoff et al. 
2008, Blanco et al. 2012a). 
 
 
Figure 18: Sea surface temperature in the Eastern Pacific in (A) December 2013 and (B) 
June 2014. 
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Figure 19: Chlorophyll concentration with post-nesting turtle track overlay. (A) 
December 2012, (B) January 2013, (C) December 2013, and (D) January 2014.  Red stars 
indicate turtle 12, and blue diamonds indicate turtle 13. Chlorophyll concentration is in 
mg/m3. 
 
 
 
43 
 
 
 
Figure 19, continued: Chlorophyll concentration with post-nesting turtle track overlay.  
(E) February 2014, (F) March 2014, (G) April 2014, and (H) May 2015.  Red squares 
indicate turtle 6, pink circles indicate turtle 9, and blue diamonds indicate turtle 13.  
Chlorophyll concentration is in mg/m3. 
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Figure 19, continued: Chlorophyll concentration with post-nesting turtle track overlay. (I) 
June 2014, and (J) July 2014.  Red squares indicate turtle 6.  Chlorophyll concentration is 
in mg/m3. 
 
 
 
Post-Nesting Dive Behavior 
 Migrating turtles show a bimodal dive behavior unlike the inter-nesting dives that 
were all in shallow water.  Unlike studies in the Atlantic, the length of submergence 
between inter-nesting and post-nesting turtles was similar in this study (Hays et al. 1999).  
Blanco et al (2012a) found that migrating East Pacific green turtles showed bimodal dive 
duration distribution and significantly more dives in the 5 m bin depth.  This bimodal 
depth use could be due to foraging or resting behavior at deeper depths compared to 
migrating movement in shallow water; it is unclear whether the turtles are resting or 
foraging as dive duration and depth is not inherently indicative of behavior (Seminoff et 
al. 2006).  Foraging while migrating would corroborate the idea that turtles are loosely 
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following the distribution of productivity along the coast.  The difference between the 
movements of turtle 6, which covered long distances along the coast, and turtle 13, which 
moved back and forth along the coast, is highlighted in the depth use.  Although both 
turtles showed similar dive duration, faster movement is tied to higher use of shallower 
depths, compared to the more uniform use of depth seen by turtle 13.  Turtle 13 could be 
using slightly deeper depths to avoid the surface water that flows in looping circles while 
foraging, while turtle 6 could be using deeper depths because longer dives might help the 
turtle stay in major currents (Luschi et al. 2003) and also avoid surface eddies. 
 
Conclusion 
Pacific green turtles nesting on Playa Cabuyal have greater freedom than turtles 
from neighboring beaches, to move away from the nesting beach and inhabit warm 
surface water during the inter-nesting period.  They cannot spend the inter-nesting period 
resting on the sea floor because they are restricted by the shallow thermocline caused by 
oceanic upwelling.  
Post-nesting turtles display local resident or coastal migratory behaviors to 
previously described foraging grounds along Central America.  These migrations 
followed the movements of currents due to the role that currents play in hatchling 
dispersal and convergence of productive water.  Adults exploit biologically rich 
environments that are a result of these current systems (Luschi et al. 2003).  In the 
Atlantic, adult green turtles seem to take advantage of currents during migration (Hays et 
al. 1999).  Shallower dive depths are correlated to faster migratory movement and there is 
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a bimodal depth distribution that was also found for other populations of Eastern Pacific 
green turtles in Costa Rica (Blanco et al. 2012a).   
Pressure on adult turtles is currently the biggest threat to the population and 
turtles have shown to risk interaction with fisheries in order inhabit desirable habitats 
(Zbinden et al. 2007).  Conservation efforts will need to work with the local fishing 
efforts on country-by-country and site-by-site basis.  Future work analyzing with this data 
will investigate turtle interaction points with local fisheries in hopes of generating a 
management strategy through cooperation among Eastern Pacific fisheries, as well as 
running a more complete oceanographic interaction model that will help scientists 
understand how turtle behavior is linked to oceanography. 
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